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Hydrogeological and hydrogeochemical characteristics and hydrocarbon
preservation conditions in marine strata in southern China

Lou Zhanghua,Zhu Rong
(Institute of Hydrology and Water Resources Engineering , Zhejiang University , Hangzhou , Zhejiang 310028 )

Abstract : The hydrogeological and hydrogeochemical characteristics of ground water are closely related to hydro-
carbon migration, accumulation, and preservation conditions. Ground water can be vertically divided into three
zones: free exchanging zone, exchanging-retarded zone, and exchanging-stagnant zone. The exchanging-retar-
ded zone is favorable to petroleum preservation because it is not influenced by surface water, while the free ex-
changing zone, strongly affected by long-time erosion and oxidation of surface water, offers a poor environment
for petroleum preservation. Reconstructed by several tectonic activities, the preservation conditions for oil and
gas reservoirs of marine strata in southem China is severely disturbed. Through analysis of the hydrogeological
and hydrogeochemical characteristics and their relation with hydrocarbon preservation conditions in several ex-
ploration areas of southern China, the concept of preserved meteoric water is put forward and the formation of
preserved meteoric water and its geochemical characteristics are discussed. The preserved meteoric water occur-
ring near unconformities can be used as an indicator of poor preservation conditions. Based on the concept, a
relatively systematic hydrogeochemical index system for distinguishing hydrocarbon preservation conditions is es-
tablished for the marine strata in southern China.
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Fig.3 Types and evolution of hydrodynamic filed in a sedimentary basin'
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Table 1 Correlation of hydrochemical characteristics in western Hubei and eastern
Chongging, western Hunan and western Hubei and nearby areas

. KACE R KSR
v = i B L) RRAM  BRRNE AN E AW
N EH12(4) = 77.10 1.35 11.25 Na, SO,
E2 = 65. 50 1.07 11. 14 Na,S0,
i 1 Pig 111,13 0.85 0.03 CaCl
FTEEmF KHF g C, 61.31 0.73 0.01 CaCl,
7 €3 346.39 0.57 CaCl, R
HEE  EE1 T.f 66. 84 0.94 0.02 CaCl,
. oEM OERl C, 134. 80 0.81 0.22 CaCl,
J iR T 67. 41 492 66.97 Na,50,
R k(D! C, 124. 63 0.77 0.04 CaCl,
#13 5 17.40 1.04 0.74 Na, S0,
Tya58 133.97 0.65 0.18 CaCl,
24 Ty2"2 126.92 0.72 0.01 CaCl,
T,z*? 146. 46 0.71 0.00 CaCl,
B 3 T ;! 112. 67 0.99 3.41 CaCl, ZEEIE
GRERS T, 142.99 1.00 2.79 MeCl,
31 T.f 133. 14 0.92 0.39 CaCl,
Pych 144. 51 0.92 0.21 CaCl,
#13 C, 61.77 0.40 0.06 CaCl,
- #13# T,d 11.17 1.39 48.94 Na, SO, AP
43 Pg-C, 130. 46 0.70 0.02 CaCl, AR (L
T,/ 1.96 5.63 97.76 Na, SO,
T,d° 1.43 5.58 88.94 Na, S0,
& 15t Pych 2.74 1.47 32.65 Na, SO, A
JUp— P,q-Pim 2.61 1.69 48.18 Na, S0,
Jiz 1. 64 3.31 41.76 NaHCO, 8 AR
s a1 T,d* 2.43 10. 88 86.47 NaHCO,4
Pych 8.79 0.93 13.94 CaCl, AP
C 8.35 0.67 1.70 CaCl,
el
*x1 e} 2.70 31.90 Na, SO,
gy 0
HRE %2 z 6.77 3.78 60.32 NaHCO,
B e} 3.36 3.54 99.24 Na,S0,
42 Eiy 3.78 3.75 75.04 Na, SO,
mam W
ikt : : : : fa=
T w1 el 8.88 4,09 71.49 NaHCO, BB ZHH
3 e? 7.60 2.08 69.35 Na, SO,
z2 7.63 2.17 69. 86 Na,S0,
H4 73 8.19 2.29 68.49 Na, SO,
%ﬁ‘ - #3 e! 1.22 5.10 21.20 NaHCO,4
gﬁfﬁg ¥32 Z 1.02 4,70 NaHCO,
1 e} 2.13 25.57 98. 66 Na,S0,
K1 Ei 4.84 2.32 80. 06 Na,S0,
et 5.14 2.15 79.23 Ns,S0,
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Table 2 Hydrochemical parameters of ground water in Jianghan basin

(K* +Na*)/(mg- L")

Ca®*/(mg- L")

Mg**/(mg - L") Cl"/(mg- L")

HE BRH
BX 5 Z N &< BX BN EY BX B/h Ty BKX BN TH
T 22 24 136 25 8660 1423 25 596 258 0 54 37 201 12 11 281
P 16 14806 198 7811 3273 150 1013 333 45 138 22 156 17 9 807
C 7 10814 210 6952 2044 50 1020 241 15 100 24000 177 12 698
0 6 8222 736 4340 4283 38 1408 1337 6 374 22156 562 8 656
e 9 9663 2446 6932 1849 200 650 272 45 169 15066 3207 9953
z 3 1548 1039 1294 517 305 a11 61 6 34 1807 1249 1528
- S0;~/(mg - L™") (HCOy +C0;>7)/(mg - L") B {LHE/(mg- L") BRAK
Bk BN O Bx BN BB 5PN B/h ] Bk B B
T 2 9745 300 2780 1118 31 544 66788 1000 25523 3.22 0.96 1.38
P 16 7114 1091 3240 3402 152 750 41317 2980 22344 13.29 0.76 1.97
C 7 3893 300 2746 1448 99 548 32702 852 23429 1.83 0.85 1.20
0 6 2987 741 1571 1678 301 786 39058 2000 14233 216  0.57 1.39
e 9 3362 1976 2776 1769 92 566 28231 9171 21929 1.19 0. 86 1.09
Z 3 184 1815 1820 255 169 212 5873 4996 5290 1.32 1.28 1.30
BREK HILRE
R AR p S
BK BN Bl BK B T
T 22 98.45 1.58 29.8 53.92 0.39 19.74 LA Na,SO, B3
P 16 97.91 7.56 25.71 88.45 0.03  29.90 L Na,S0, ®h %
o 7 55.61 11.36 24.54 65.38 1.78  30.29 P Na, S0, Bih ¥
0 6 57.45  4.40 30.80 33.20 1.83  10.57 Ng,50, ,CaCl, i NaHCO, %
e 9 37.25 8.84 19.61 87.17 6.51  32.59 LA Na,SO, Bh T
y/ 3 51.80 42.74 47.27 10.69 4.90 7.80 Na, SO, %I
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Table 3 Hydrochemical parameters of ground water in Subei basin

BE  EAK (K* +Na*)/(mg - L") Ca’*/(mg- L") Mg?* /(mg « L) Cl-/(mg - L") 502" /(mg - L°!) (HCO, ~+C0,2")/ (mg - L)

Bk BN BB BKX BN OB O BK BN ¥ O BX BN ¥ OBRK BN OBY O BK BN BB
E 447 16 436 47 6366 3928 0 243 988 0 55 65 601 35 9311 19224 0 1046 12570 18 1164
K 48 109072 240 13364 8580 20 639 758 0 102 169 111 47 20136 2342 0 1107 15060 58 1 484
I 1 17009 17008 17 009 511 51 571 70 70 70 26349 26349 26349 1228 1228 1228 369 369 369
T 17 838 127 2981 2417 0 363 211 0 51 15 099 61 3997 2427 28 688 7094 79 1201
P 14 8579 226 2099 43086 0 3703 122 4 39 13615 142 2664 1095 20 505 4043 69 1100
€ 2 1138 142 640 289 45 167 58 43 51 454 44 249 996 273 635 1750 208 979
D 6 35118 185 9 050 521 20 267 170 6 70 54 963 4 13242 2018 0 776 2312 179 1399
S 2 504 258 380 79 22 51 48 41 45 4102 445 2274 961 376 669 10204 583 5 394
0 7 9322 264 2959 325 273 1030 140 102 118 12918 106 4737 8410 172 2424 3649 427 1351
e 20 32050 1783 733 4128 102 1007 2269 17 402 49673 1236 12227 2286 39 900 4470 444 2347
Z 12 11920 2180 5 637 918 44 338 316 15 92 17471 3049 8428 1931 163 920 1164 392 714

WE R LB/ (mg - L71) THRERY Y HIERE % %

BxX  BbNOFH O BK O BRSOFW O BRX BSOS BX BN Y
E 447 45781 514 17994 12.67 0.0 L20  75.04 0 9.10 252.45 0.18  16.54 NaHCO, &%, HKk Na,SO, &
K 48 281825 845 36792 23.90 0.34  2.53  95.21 0 14.20 633.37 0.06 48.98 NaHCO, %% 3 , HK Na, S0, &
) 1 45596 45596 45596  1.00  1.00 1.00 3.33 3.33 333 71.41 7L41 7141 MgCl, &
T 17 20360 350 9 301 8.26 0.86 2,29 90.02 5.43 25,95 27.60  0.12 5.62 NaHCO; B 73, HK Na, SO, H
P 14 23991 1454 6711 563 0.97 1.87  75.35 0.13 29.21 11.16 0.17 2.83 NaHCO; 3, H ¥k Na,S0, %
C 2 3720 1737 2729 498  3.87 443 9436  30.78 62.57 0.26 0.21 0.24 NaHCO; F1 Na,SO0, %
D 6 9280 1676 2485 7.09 099 3.8  94.51 0 48.80  29.24 0.20 7.45 NaHCO; 1 Na,S0, %
S 2 22570 5350 13960 175 0.10  0.92 38.46 14.77 26.61 0.76  0.40 0.58 NaHCO; #1 Na,S0, &
0 7 26780 2036 15785  4.84 0,52  2.52  82.89 10.18 44.63  26.91 0.22 6. 64 Na, S0, B ¥, HK NaHCO; Al
e 20 85311 7468 23699 255 0.28 1.35  37.29 1.83 9.29  94.64 0.32  14.68 NaHCO, &%, H¥k CaCl, B
Z 12 32803 6163 16822 1.11  0.83 1.03  12.68 339 7.02 2816 4.62  12.10 A NaHCO, BH %
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Table 4 Hydrogeochemical index system for distinguishing preservation conditions in marine oil and gas fields

REFEH BT I3%) F(I) (M) EZ(N-V¥%)
HERAR BEKHZEASK K2 AR
HTARE HCRUE: ATFBBH KTFBEW K FBEN
B/ (g L) >40 30 ~40 20 ~30 <20
A R A <0.87 0.87 ~0.95 0.95 ~1.00 >1.00
B R <8.50 8.50 ~15.00 15.00 ~30. 00 >30
HILREK >20. 00 1. 00 ~20. 00 0.20~1.00 <0.20
CaCl, %, MgCL, ]k Z, I CaCl, N,
K {8 1. NaHCO, 1 Na, SO, # I, Na, SO, NaHCOs, Ne, 50,
KA Cl~ =Na*,
B Cl” -Na* WE, N o
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